Seventy-three cysteine (cys) auxtrophs of Proteus mirabilis strain I 3 were arranged in six transductional groups. Members of these groups had nutritional requirements similar to Salmonella typhimurium and Escherichia coli cys mutants. The chromosomal topography of the P. mirabilis mutants resembles that of S. typhimurium and E. coli cys mutants in that they are not arranged in an operon and cysB mutants are co-transducible with tryptophan markers. The P. mirabilis cysG auxotrophs may be equivalent to S. typhimurium cys1 and J mutants which have similar nutritional requirements. In P. mirabilis cysG is closely linked to cysC and the S. typhimurium cysC, D, H, I, J cluster may also be present in this organism. The P. mirabilis cysE mutants, which are co-transducible with an arginine gene cluster, seem to lack 0acetylserine sulphhydrylase activity.
METHODS

Media and chemicals.
The minimal medium (MM) agar has been described (Grabow & Smit, 1967) and the broth was that of Coetzee & Sacks (1960b) . 0-Acetyl-DL-serine was obtained from Dr Theodor Schuchardt, Munchen, Germany; vitamin BI2 from British Drug Houses, Poole, Dorset ; S-methyl-L-cysteine from Calbiochem, California, U.S.A. ; DL-cystathionhe from Sigma Chemical Company, St Louis, U.S.A. ; and all other amino acid growth factors from Nutritional Biochemical Corporation, Cleveland, Ohio, U.S.A. Inorganic sources of sulphur were analytical grade products (Postgate, 1963 ) from E. Merck Darmstadt, Germany. 0-Succinyl-DL-homoserine was prepared according to the method of Flavin & Slaughter (I 965).
Bacteria. Cysteine auxotrophs were obtained by exposing Proteus mirubilis strain I 3 to ultraviolet light or manganese chloride + hydrogen peroxide (Grabow & Smit, 1967) .
Nutritional requirements were determined auxanographically (Grabow & Smit, I 967) and by streaking on MM agar containing growth factors (Mizobuchi et al. 1962) . For the latter test MM agar was supplemented with sulphur-containing substances at concentrations of 2 x I O -~M (molar with respect to sulphur). Additional tests were done with thiosulphate at a concentration of 2 x I O -~M (Mizobuchi et QZ. 1962) . Glycine, serine and homoserine were incorporated at 50 ,ug/ml and vitamin B,, at 0.1 ,ug/ml (Grabow, 1972) . Results were recorded after 48 h incubation. Growth was regarded as positive when it was comparable to that of the mutant on cysteine-supplemented MM agar. Double mutants were isolated by the methods of Prozesky & Prozesky (1967) . Arginine mutants were kindly supplied by Professor 0. W. Prozesky and tryptophan markers were isolated and characterized by the above methods. Strains were maintained on agar slopes at 4". Subcultures were made regularly to prevent the selection of double mutants (Gillespie, Demerec & Itikawa, 1968) . Incubation was at 37". Transduction. The general phage techniques were those of Adams (1959). Lysates of the transducing phage 34-13 (Coetzee & Sacks, 1960a) with plaque-forming titres of 5 x log to 2 x Iol0/ml were prepared by an agar layer technique (Prozesky, de Herk & Coetzee, 1965) . Final lysates contained less than 50 plaque-forming units of phage 13 vir per ml (Prozesky, 1968; Coetzee & Smit, 1970) . The transduction procedure has been described IP: 54.70.40.11
On: Thu, 13 Dec 2018 00: 16:48 Cysteine mutants in Proteus 79 Prozesky, 1968) . Controls for absence of viable bacteria in phage lysates as well as controls in which recipients were treated with lysates prepared on homologous and wild-type bacteria respectively were included. Wild-type transductants were selected on MM agar and donor-type transductants on MM agar supplemented with appropriate growth factors. Plates were scored after 48 h and those with donor-type transductants replicated to MM agar for detection (Lederberg & Lederberg, 1952) . Purity of transductant clones was tested according to Prozesky (I 968).
Genetic mapping. Co-transduction of genes was tested by two-point crosses, donorphenotype transductions and transduction of double mutants with wild-type donors (Demerec et al. 1956; Clowes, 19586; Mizobuchi et al. 1962; Prozesky, 1968 ).
RESULTS
Auxotrophic mutants.
Seventy-three non-leaky cysteine mutants of Proteus mirubilis strain 13 with low reversion frequencies were divided into six phenotypic groups by their growth responses to precursors of cysteine ( Table I) .
The nutritional requirements of the cysA, B, C, K and G groups resemble those of cysA, B, C, E and G mutants of Salmonella typhimurium (Clowes, 1958a; Mizobuchi, et ul. 1962) .
Mutants with nutritional requirements similar to those of the Proteus mirubilis cysE auxotrophs have not been described in S. typhimurium or Escherichiu coli. None of the auxotrophs responded to dithionate, sulphur, lanthionine, cysteic acid, glycine, serine, homoserine, 0-succinylhomoserine or vitamin BIZ. Growth response to cysteine sulphinic acid was not tested since it serves as a source of sulphite (Leinweber & Monty, 1961) and yields results similar to metabisulphite and sulphite in S. typhimurium (Mizobuchi et al. 1962) . Differences between P. mirubilis mutants and the analogous S. typhimurium auxotrophs are that the P. mirubilis strains do not respond to lanthionine (Demerec et al. 1956 ; Clowes, 19584 and that cysA mutants do not grow with thiosulphate (Mizobuchi et al. 1962). The P.
mirabilis cysA, C, E and G mutants grow equally well on cysteine or methionine whereas homologous E. coli (Lampen, Jones & Perkins, 1947; Simmonds, 1948 ) and S. typhimurium (Demerec et al. 1956; Clowes, 1958a ) auxotrophs grow poorly on methionine. In the latter respect the P. mirubilis mutants resemble similar auxotrophs of Neurosporu (Horowitz, 1947) and Pseudomonas aeruginosa (Calhoun & Feary, 1969) . The inability of cysB and K (Prozesky, 1968) were encountered. Ditto deletions of cys genes like those in Salmonella typhimurium (Itikawa & Demerec, 1967) were not detected. Proteus rnirubilis seems to resemble Escherichia coli in this respect (Jones-Mortimer, I 968). Linked transduction of cysteine genes. Reciprocal two-factor crosses yielded relatively low transduction frequencies between cysC and G and between cysE and argE mutants which indicates that these pairs are cotransducible (Table 2) .
Small numbers of transductants were obtained from crosses between mutants which belonged to the same phenotypic group which indicated that the six phenotypic groups (Table I) may be equivalent to different genes (Demerec et al. 1956 ). It does not exclude the possibility that some mutants with similar nutritional requirements may represent two or morelclosely linked genes (Mizobuchi et al. 1962) . Numbers of colonies in control crosses between mutants and homologous donors were low (Table 2) which showed that the rever- Table 3 
. Donor-phenotype transductions of cysG mutants with a cysC donor
Cross v Recipient cysG9
x CYSGII
x cysG15
x cysGr269 x cysG6
x cysG306
x cysG5
x cysG3
x cysG8
x cysGr262
x cysG7
x C Y S G I~ x cysG17
x cysG373
x cysG20
x CYSGI x cysG2
x cysGq x cysG19
x CYSGI795 x cysG16 x argEr x cysE663
x argEr
x cysE699
x cysE9
x argEr 3,4 and 5, respectively) and by transduction of double mutants to prototrophy with wild-type donors. Reciprocal crosses between cysC and G ( Table 3) were not possible since cysG represents a block distal to cysC and the cysG phenotype cannot be selected in crosses with cysG donors. The average percentage linkage values calculated from the donorphenotype transductions are 88-8 % for cysC-G, 22-5 % for cysE-argE and 1-5 % for cysB-trp.
DISCUSSION
The nutritional requirements of the six phenotypic groups of cysteine auxotrophs confirm findings (Grabow & Smit, 1967 ) that the pathways of synthesis of this amino acid are similar in Proteus mirabilis, Salmonella typhimurium and Escherichia coli (Dreyfuss & Monty, 1963; Jones-Mortimer, 1968; . This pathway seems to operate also in Pseudomonus aeruginosa (Calhoun & Feary, 1969) . Growth responses to 0-acetylserine indicate that P. mirabilis cysK auxotrophs resemble cysE mutants of S. typhimurium and E. coli which are deficient in the serine transacetylase activity of the cysteine synthetase enzyme (Jones-Mortimer, Wheldrake & Pasternak, I 968). The P. mirabilis cysE mutants seem to lack the 0-acetylserine sulphydrylase activity of the latter enzyme, a phenotype which despite various efforts Kredich, Becker & Tomkins, 1969) has not been detected amongst S. typhimurium or E. coli mutants. It thus appears that P. mirabilis cysE auxotrophs are not the equivalent of cysE mutants of S. typhimurium as has previously been reported Grabow & Smit, 1967 ;  Prozesky, I 968) .
The scattered arrangement of cysteine genes and co-transduction of cysB and trp in Proteus mirabilis has also been reported in Salmonella typhimurium (Mizobuchi et al. 1962) and Escherichia coli (Jones-Mortimer, 1968 ). The P. mirabilis cysG auxotrophs, which are closely linked to cysC, have nutritional requirements similar to cysG, I or J mutants of S. typhimurium and it seems that the cysC, D, H, I, J cluster of the latter organism is also present in P. mirabilis. It would appear that the topography of cysteine genes in P. mirabilis resembles that of analogous genes in S. typhimurium (Fig. 2) and E. coli. Experiments on the isolation of a marker which can be used to determine whether the orientation of the cpB-trp linkage group in P. mirabilis corresponds to that in S. typhimurium or E. coli are in progress. Similarities in topography between P. mirabilis and S. typhimurium or E. coli have also been found with arginine (Prozesky, 1968 ) and methionine genes (Grabow, 1972) .
The distance between cysB and trp seems to be different in Proteus mirabilis and Sal- Sanderson, 1970) . Genes are shown on the outside of the circle. Arabic numbers on the inside indicate interrupted conjugation time intervals in min. Linked genes appear on the same line in clockwise order from left to right. monella typhimurium since the percentage linkage between thesemarkersis 1-5 % in the former ( Table 5 ) and 56 to 82 % in the latter (Demerec & Hartman, 1956) . The difference in these values reflects a difference in chromosomal distance since the transducing phages 13 and P22 have similar head sizes (Prozesky et al. 1965 ) and are thus expected to carry equivalent sections of host chromosome (Lennox, 1955; Enomoto, 1967; Sanderson, 1970; Mise & Suzuki, 1970) . Genetic differences between P. mirabilis and S. typhimurium are expected since they have different guanine+ cytosine molar contents (see Grabow, 1972) .
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